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Abstract 
This dissertation has been written as part of the MSc in Energy Systems at the 
International Hellenic University. Among all public buildings, on account of their 
educational purpose, school buildings have a major social responsibility due to 
the fact that they constitute a “second house” for kids. Therefore energy 
performance in this type of building is of great importance considering that 
children live there almost eight hours per day.  
Unfortunately, in practice school buildings face the same, or even more intense, 
energy performance and indoor air quality problems as any other building 
because no energy saving measures are applied for the operation of schools.  
The purpose of this study is to investigate the energy efficiency and thermal 
environment in a public nursery in Panorama Thessaloniki and to achieve a 
functional benchmarking, based on the real operation conditions.  
The problematic building envelope, the improper control of heating and lighting 
systems, the absence of proper legislative measures and, above all, the lack of 
interest concerning the efficiency of these buildings are the main factors in the 
reported efficiency.  
First of all, a survey of the available literature was made to gather data that are 
relative to energy consumption in school buildings documented in the most 
diverse fields and units. Then, we registered and present building’s current 
situation and through of the use of EnergyPlus software we simulate and 
categorize the building according to ranking energy rating standards. 
 
The results of this study evaluated and taking them into consideration we propose 
some changes (improvement scenarios) of the building in order to upgrade it to an 
energy efficient and eco-friendly building with as much as possible low cost and 
small payback time. 
 
Last, for his help and support I would like to thank my supervisor Professor 
Dimitrios Anastaselos. Also, I would like to express my thanks to my friend 
Andreas Mimoglou. 
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1.Introduction 
1.1. Aim of the study 
The purpose of rehabilitation is the functional, environmental and aesthetic 
improvement of the kindergarten through soft interventions that aim the 
organization of space and its transformation into a space suitable to serve the 
functional needs of students, teachers and visitors. 
In the pursuit of a realistic solution, avoid twists the existing configuration. The 
new proposal includes maintaining the levels, choosing natural materials, 
delimitation subsections, the need for unity of interior and exterior spaces so that 
the existing building be perfectly in line with the new configuration. 
School buildings constitute a major part of the non-residential building stock, 
though due to their operational characteristics, they represent a low percentage of 
the overall energy balance of the building sector. Schools are the most suitable 
type of building for the application of energy efficiency and good indoor air 
quality measures. This is justified by the fact that such measures can promote 
sustainability to the future citizens, and even more, ensure a comfortable and 
healthy environment for educational purposes. 
The school building is a particular category of public buildings which displays 
specific requirements since they have to ensure the occupants of a healthy and 
pleasant environment for the educational process. Preschool children spend 30% 
of their day at school and about 75% of this time is inside classrooms. For this 
reason, the construction of schools is an important priority in most societies. 
These buildings must meet the conditions of good Indoor Air Quality so as to 
have the ability to create favorable optical conditions and thermal comfort with 
minimum energy consumption. The good indoor air quality and indoor 
environment can help the learning process of pupils, improve the participation 
and performance but also reduce the energy consumption. 
 
1.2. Description of the chapters 
In the first chapter is presented the aim and objective of the project. We present 
the reasons why we chose this type of buildings and how the interventions will be 
benefit. Then, it is presented the current state of school buildings in Greece. 
The second chapter presents an overview of surveys and studies around the world 
that related to the energy situation and upgrading of school buildings. What 
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aspects studied what measures were used and ultimately what are the benefits that 
every time we gain. 
The third chapter presents the legislation which is applied to school buildings and 
the conditions to be respected for the correct functioning and use of the building. 
The forth section presents the characteristics of a real case elementary school in 
the city of Thessaloniki, the location and the architecture of its composition, the 
general climatic aspects of the region and the behavior of the building during the 
year. Furthermore there is a detailed description of the building elements and 
systems that are installed on it. 
In the fifth chapter there is a detailed description of the current situation of the 
kindergarten and the calculation of all components and systems that affect the 
building and its energy performance. 
Then, in the sixth chapter the building is simulated and brings out some relative 
results. In this based on an inventory of the current situation where presented the 
energy rating of the building and the calculation of its energy consumption as 
well as the functional cost. 
In the next chapter are presented all the proposed interventions that would 
mitigate the factors that deteriorate the energy efficiency, the reasons for their 
choice and the objectives of each of these. 
The eighth chapter summarizes the budget of all of the proposed interventions 
calculated with actual values. The choice of the best possible action is made, 
according to the beneficial impact on the energy consumption and to financial 
evaluation. 
The last chapter introduces the benefits that we will have with the implementation 
of the above measures-interventions, the economic and environmental benefits 
and the payback period as well. 
 
1.3. Exploration of the existing situation 
The school units due to the large number are a major part of total public buildings 
of the country, constituting also a large percentage of total energy expenditure. 
The energy consumption of school buildings represent a significant proportion of 
expenditure paid from the state budget for public buildings. Thus, a research for 
alternative solutions to reduce energy consumption in school buildings is 
appropriate and necessary. In these buildings, however, operating costs for 
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heating, cooling and ventilation systems seem to be less important as comes first 
safety and welfare of pupils. The tutorial role of school buildings require proper 
setting parameters influencing the internal conditions in the classrooms, since the 
lack of thermal and visual comfort and air quality reduces the ability of student 
learning.(3) 
Due to the high occupancy of classrooms and over human internal gains during 
the opening hours of buildings, there is an increase in ventilation requirements to 
ensure internal environment suitable conditions for hygiene and mental euphoria 
of pupils. The main factors that affect the internal environment of school 
buildings are the indoor air quality, energy efficiency, thermal conditions and 
visual comfort. The internal air quality in school buildings is mainly 
characterized by a high concentration CO2 which have significant impact on the 
profitability of the courses, and high concentrations of formaldehyde, volatile 
organic compounds (VOC’s), particulate matter, etc., which have thoroughly 
health impact of the students. In Greek schools the energy is used mainly to cover 
the needs for heating and lighting, then for ventilation and only a few cases for 
hot water.(4) 
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2. Literature review 
School-aged children spend 30% of their daytime at school and about 75% of this 
time is spent inside classrooms. The construction of schools is a major priority in 
most societies; it is also a complex task since the running costs of heating, 
cooling, and ventilation seem far less important than the achieved indoor 
environmental comfort due to the vulnerability of their occupants’ health, well-
being and ability for attendance.(10) 
A more in-depth investigation was carried out in five buildings, to evaluate their 
IEQ for an MSc in Energy at the Department of Mechanical Engineering, 
Technological Educational Institute of Pireaus, Athens, Greece and the School of 
Engineering and Physical Sciences, Heriot-Watt University, Edinburgh, UK. Two 
strategies were implemented: an objective evaluation based on the continuous 
monitoring of crucial indoor environmental parameters (i.e. relative humidity, air 
temperature and CO2 concentration) and a subjective evaluation based on the 
auditor and occupants’ (i.e. teachers and students) response to standardized 
questionnaires. The main results of this investigation are presented below. 
The aim of this part of the campaign was to monitor the actual indoor thermal 
comfort conditions and indoor air quality (IAQ) while the school was in 
operation. For this purpose, portable data loggers were used for the continuous 
monitoring of three crucial parameters characterizing the IEQ, namely: the indoor 
air temperature (0–50 ◦C range with ±0.3 ◦C accuracy), the relative humidity (10–
90% range with ±5% accuracy) and the CO2 concentration (0–2000ppm range 
with 50ppm accuracy).(5) 
Indoor temperature measurements averaged 27.0 ◦C, while the corresponding 
outdoor temperature was 25.1 ◦C. Even during the mild spring period of 
monitoring, on average, approximately 60% of the recorded temperature 
measurements were inconsistent with the CEN and ASHRAE standards for 
thermal comfort conditions in school buildings, mainly in relation to their upper 
acceptable limit (26 ◦C). Indoor relative humidity averaged 34% and the 
corresponding outdoor value was 47%. Again, even with the mild outdoor 
conditions, one-third of the recorded values were outside the acceptable relative 
humidity limits (30–60%), since there was no humidity control in the buildings. 
Finally, CO2 concentration levels averaged 855 ppm. On average 17% of the 
recorded data exceeded the upper limit of CEN’s moderate acceptable level of 
1,150 ppm, 22.5% exceeded ASHRAE’s upper limit of 1,000 ppm, while 33.7% 
exceeded CEN’s normal acceptable level of 850 ppm. The CO2 concentrations 
remained low at periods of non-occupancy. 
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The five monitored schools were naturally ventilated. In the warmer months of 
the year the windows and doors were usually kept open during most of the 
occupancy hours to enhance natural ventilation and avoid overheating in 
classrooms. Consequently, the outdoor climate had an immediate impact on the 
indoor conditions. 
The subjective evaluation of the IEQ was performed using personal 
questionnaires, addressed to teaching staff and students. A similar questionnaire 
was also completed by the auditor during the one day on-site visit for the audit of 
the schools, by collecting input from personal interviews with students and staff. 
The questionnaires were divided into six sections referring to: general 
information, thermal comfort, ventilation, visual comfort, acoustical comfort and 
IAQ. In the final section, an overall assessment of the above parameters was 
required on a 5-point scale ranging from 1 (excellent) to 5 (inadequate). 
Students prioritized the acoustical comfort and cleanness as “problematic” 
parameters (28% and 32%, respectively), while teachers expressed their 
dissatisfaction regarding space availability (57%) and cleanness (28%). Thermal 
discomfort was reported by 14% of the teachers and 7% of the students. The 
reported potential sources were: radiators often cold or insufficiently hot, 
insufficient indoor air temperature control, large spatial variations of indoor air 
temperature. Additionally, 29% of the teachers and 57% of the students 
complained about overheating during summer while another 29% of the school 
management reported feeling cold during the winter. 
Despite the fact that some windows and classroom doors are kept open to 
enhance the fresh air penetration in indoor spaces, ventilation and IAQ were 
reported as problematic by 25% of the students, while complaints about stuffy 
and/or dry air were expressed by 14% of the teachers. Bad smells were also 
reported by 15% of the students and 28% of the teachers. 
The available official data on the construction characteristics of Hellenic schools 
reveal that 59% of the buildings are up to 30 years old, while only 13% of the 
schools occupy buildings that were not specifically designed and constructed for 
this purpose. Despite some refurbishments that schools have periodically 
implemented, about two-thirds of the school buildings fail to meet the standard 
requirements regarding their thermal envelope construction (e.g. insufficient 
insulation, single glazing). Moreover, the absence of proper controls in the 
operation of heating and lighting systems often leads to irrational use and 
excessive energy consumption. Lack of appropriate natural ventilation is often 
responsible for the deteriorated classroom IAQ. 
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According to measured indoor conditions, even during the mild spring period of 
monitoring, on average, 60% of the recorded indoor temperatures, one-third of 
relative humidity and about 17–35% of CO2 concentrations, were inconsistent 
with indoor conditions prescribed by international standards. The most frequent 
IEQ complaints reported during the subjective evaluation were related to 
insufficient ventilation, noise disturbance, glare and thermal discomfort. (8) 
Energy retrofit of educational buildings is an effective solution to the high energy 
consumption and thermal discomfort problems in this sector. In February 2015 
published a review on energy scenario and sustainable energy in Iran by means of 
two case studies, which would remark the necessity of suitable solutions for two 
types of school buildings, built before and after 2000 in Iran. The purpose of this 
paper was twofold: first to examine the effect of possible retrofitting methods on 
the annual primary energy demand of the two typical school buildings and 
prioritizing them based on the payback time; second, to assess the applied 
techniques in real condition in both cases. 
Guidelines such as The International Performance Measurement and Verification 
Protocol (IPMVP) and ASHRAE Guideline 14 recommended three methods for 
assessing energy conservation measures (ECM’s) savings by retrofit installations 
in buildings. 
First step of the retrofit procedure consisted of preliminary data collection 
regarding the annual energy consumption of each case, obtained from monthly 
bills surveying architectural, mechanical, and operational characteristics of each 
school and also by using questioners to the occupants about the indoor air quality 
(IAQ), thermal comfort, visual comfort and acoustic comfort. 
The buildings heating and cooling systems, control settings (heating set point: 
22◦C and cooling set point: 26◦C), occupancy scheduled (7:30 am–13:00 
Saturday to Wednesday from 21 September to 21 June), and activity in each zone 
had been modeled in detail according to the surveyed characteristics and were 
assumed to be the same over the analysis period. Thus the changes in energy use 
were primarily caused by changes in building characteristics. The convention 
factors that were used in order to transform the delivered energy to primary were 
3.7 for electricity and 1.0 for gas according to Iran legislations. 
 
The last step in the retrofit procedure included implementation of the selected 
measures. The effectiveness of the implemented retrofit actions had been 
confirmed through: energy bills and on site assessments (building envelope 
thermograph, thermal comfort, and IAQ physical measurements). The 
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performance metric (primary energy) was compared with the project’s baseline 
energy use and against the established goals, i.e. upgrading the energy 
consumption level, and improving the indoor thermal comfort levels. Tehran, 
which encompasses 13.364 public school buildings, features a semi-arid climate 
according to the Köppen climate classification, with a total of 3193 heating and 
1605 cooling degree days respectively. School buildings in Tehran can be mainly 
categorized into two groups based on age and construction parameters: (1) 
schools built before 2000 with low quality construction (non-insulated exterior 
envelope and single layer glazing’s with metal frame windows).(2) School 
buildings built after 2000, recommended to improve the energy performance of 
buildings, using ECMs based on guidelines. Thermal insulation of the envelope 
and utilization of double glazed unplasticised poly vinyl chloride (UPVC) or 
aluminum thermal break windows are among the most common ECMs’ applied. 
Two school building similar in size, form, orientation (1850and 2170 m2, south 
facing rectangular form with an average of 20%window to wall ratio) heating and 
cooling systems, and occupancy schedules, differing in the above mentioned 
construction parameters were selected for the study. In Case A the building 
envelope was not insulated and in Case B unlike regulations, only the roof had 
been insulated.  
Both cases had cast iron boiler with a coefficient of performance at rated 
conditions (COP), equal to 0.7, without automatic regulation, delivering hot water 
to radiators located in the classrooms, and ducted ventilation via evaporative 
coolers (used approximately in 2months of the school year) with the energy 
efficiency ratio at design conditions (EER) is 27.6 and artificial lighting with 40 
W fluorescent lamps in classrooms and offices. 
The first phase data collection showed that low air quality was the main problem 
experienced by occupants in both cases, while more than 50% of pupils in Case B 
suffered additionally from over-heat, and Case A experienced cold drafts and 
annoying noise. In addition observations showed that occupants had improper 
habits and paid little attention to energy saving rules, with regard to use of 
artificial lighting when appropriate daylight was provided, leaving lights on in 
non-occupied rooms and opening windows to control overheating in winter. The 
total annual energy consumption of the two buildings was about 273.4 and 167.15 
kWh/m2 before refurbishments based on one year’s (September 2013–August 
2014) utility bills. 
The energy retrofit methods proposed were classified into three main groups: 
 Preventing unwanted heat loss or heat gain through the building envelope, 
such as thermal insulation, window replacement, external shadings. 
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 Renovation and replacement of mechanical, electrical, and plumbing 
services (MEP) and utilizing building management system. 
 Utilizing solar energy including photovoltaic panels to provide a part of 
lighting energy of the building and solar hot water to supply a part of 
needed hot water disposal. 
Simulation results showed that BMS installation, heating/cooling system 
replacement, and roof insulation cause the most primary energy reduction in both 
cases (26.2%, 21.3%, and 10.1% in Case A and 33.8%, 34.2%, and 19.7% in 
Case B, respectively). In addition window replacement and air tightening 
(decreasing the infiltration rate using air barrier strip and polyurethane foam) also 
cause remarkable savings in Case A(18.5% and 10.7%). 
In Case A and B adding 40 mm extruded expanded polystyrene decreased the 
thermal conductivity by 47%. Also replacing single pane, metal frame windows 
with double glazed low e, UPVC frame windows decreased the thermal 
conductivity from 5.77 to 2.10 W/m2K. Heating, ventilation and air-condition 
systems (HVAC) are responsible for a considerable amount of energy 
consumption in school buildings. 
 
 
 
Figure 1: Reduction percentage of primary energy of each retrofit technique in Case A and B 
 
In addition to energy reduction, indoor thermal condition improvements in 
classrooms have been observed. The mean temperature in classrooms during the 
heating season has increased 3.5◦C, and decreased about 1◦C in the non-heating 
seasons in Case A, which is due to the aforementioned reasons. Also 2◦C 
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reductions in air temperature have been recorded in the non-heating seasons in 
Case B.  
Final assessments indicated that refurbishment have caused 38.29% and 29.87%  
reduction in primary energy in Case A and B respectively, which were 10.54% 
and 12.13% lower than predicted by simulations. The main reduction of the 
heating energy in Case A was evidently due to window replacements, roof 
insulation, and wall insulation, as predicted in simulations about 44.1%. 
Compared to the preliminary assessments, energy bills revealed significant 
reduction in the gas and electricity consumption, and enhancing the indoor 
environmental quality by applying low and mid cost retrofit actions. The 
calculated savings of the required primary energy for heating, cooling, and 
lighting, and also return on investment period lead to the conclusion that the most 
suitable energy efficient retrofit methods for the buildings are air tightening and 
thermal insulation in both cases, and window replacement in Case A. (6) 
A paper published in 2008 so as to present a study of the energy efficiency of 
public elementary and nursery schools in the Municipality of Kozani in northern 
Greece. Kozani is one of the coldest cities in Greece (heating degree days: 2613 
h, 408170N, 218470E, 700 m elevation) with a high level of development and 
expansion. 
In order to examine the energy efficiency of the school buildings, preliminary 
data was collected regarding the architectural, mechanical and operational 
characteristics of each nursery and elementary school located within the 
municipality’s borders, together with the energy consumption bills during the 
years 2003–2007 (both for heating and for electricity). Furthermore, a 
questionnaire survey was conducted in order to collect information other than the 
construction and consumption characteristics of the examined buildings. The first 
part of the questionnaire applied to the person responsible for the operation and 
management of the building (usually the school principal). The second part of the 
questionnaire, which was applied to all teachers and to a number of students in 
different classrooms in each building, was intended to collect information 
concerning the perception of the thermal and visual environment and indoor air 
quality conditions. 
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Daily energy consumption data was recorded for a full working week in order to 
investigate the relation between ambient and internal environmental conditions 
and energy consumption and to study possible energy waste practices such as 
unnecessary lighting operation during non-working days. Regarding the district 
heating consumption meter, this was located inside the building, just after the 
building’s central heating heat exchanger. Recordings were made before school 
opening and after closing on working days and early in the morning at weekends. 
Indoor environmental conditions were recorded in the most representative areas 
of each building. For the selected areas, air temperature, relative humidity and 
wall surface temperatures were recorded for two continuous months, from March 
14 to May 20, a period that included the coldest days of the year in question. As 
for the indoor air quality was indicated by measuring the carbon dioxide 
concentration in the selected classrooms of each building for a 2-day period 
during the first 2 weeks of March, on school days. 
Thus, having measures all these the survey revealed that the typology of each 
building is closely related to the operational characteristics of the buildings 
through the way in which they affect the actions taken by students or teachers to 
control their internal environment. For example, the height and the position of the 
windows in many cases results in difficulties in applying natural ventilation both 
during lessons or in the intermissions between classroom hours. Additionally, the 
absence of thermal insulation in combination with thin brick walls and large 
single pane window surfaces leads to thermal discomfort a phenomenon which is 
intensified by measures such as increasing the operational temperatures in an 
effort to offset the feeling of cold. 
So, as has been observed in all school buildings, the hydronic radiators were only 
installed on the side of the classroom that is exposed to the environment. 
Considering the fact that in most classrooms there are three rows of student desks 
parallel to this side, the row close to the radiators blocks thermal radiation and 
leads to heat distribution asymmetry. This was also confirmed by the users in the 
questionnaire survey. 
Moreover, they found that there was only one thermostat, located in areas other 
than classrooms like lobbies with lower air temperature levels something which  
in many cases leads to a rather hot thermal environment during class-hours even 
on relatively cold days. It is not uncommon for students and teachers, especially 
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in southoriented classrooms, to leave windows open during heating hours in an 
effort to manually control their thermal environment during lesson hours. At the 
same time, other areas of the building like north-oriented classrooms and offices 
are kept at a lower temperature, close to the one set by the thermostat.  
In every examined building, artificial lighting is provided by luminaries with 
tubular fluorescent lamps equipped with reflectors and in several cases with 
diffusers. Poor lighting control and lack of maintenance contribute to high energy 
consumption and a poor visual environment since in most cases it has been found 
that a single on-off switch all the lights in a classroom, leading either to over-
lighting or under-lighting. 
The survey revealed that in almost all of the schools, artificial lighting is always 
on during working hours, which is obviously an energy penalty for south-oriented 
classrooms.  
According to the results of this survey presented, the average thermal 
consumption for nursery and elementary schools in Kozani is 135.9 kWh/m2 
(from 49.7 to 297.7 kWh/m2) and 105.8 kWh/m2 (from 80.5 to 182.7 kWh/m2), 
respectively. Consequently, the heating equipment and the operational 
characteristics (user’s attitude, use of windows, thermostat set control, 
maintenance, etc.) are the main factors that affect heating consumption. 
In the examined buildings, electricity is used mainly for lighting. In all of the 
school buildings in Kozani there are no airconditioners installed. Compared to the 
average electricity consumption of Greek school buildings (18–27 kWh/m2 
according to [10,11]), the examined buildings consume less electricity. 
In al cases, the CO2 concentration was found to be far beyond the international 
standards, especially at the end of each lesson, achieving values close to 
4000ppm. With the exception of the first few minutes of the day, during the rest 
of the time, indoor air quality is rather problematic, even after the application of 
cross-ventilation during the intermediate times. 
So as to a conclusion, despite the existence of various standards concerning the 
construction and operation of school buildings, the survey conducted to that 
almost all of the examined buildings are inefficient and fail to provide the 
recommended thermal and air-quality environment. Possible measures include 
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low-cost ones like the installation of lighting shelves for better solar and daylight 
control, the improvement of window air-tightness, and better lighting control. The 
installation of separate heat consumption meters and controls in many nursery 
schools would obviously provide economic benefits. The proper sitting of 
thermostats in all buildings could also provide significant energy conservation 
and contribute to a better internal thermal environment. Thermal insulation of the 
building envelopes and replacement of windows with insulated ones, equipped 
with double glazing are mandatory measures that lead to conformity with the 
existing legislation. (7) 
To a further extend in 2002 a paper published regarding the energy consumption 
of high school in Perugia, a province which is located in central Italy. This study 
was made in the frame of a European Union project, named Teach and supported 
also from Energy and Environment Agency of the province of Perugia. The aim 
of this study was to examine school buildings regarding their construction 
materials and technical systems and propose some Energy Saving Measures 
(ESM). 
In Italy public buildings can be considered as a priority and given that there are 
many schools which are proven to present many variations regarding their 
building construction and their technical system, government try to improve their 
efficiency. In Italy there are old schools constructed mainly in the historic city 
centers consisted of bearing walls with high thermal inertia and at the same time 
in the outskirts of the cities there are modern educational buildings which are 
prefabricated with high energy consumption. 
During the study Desider and Proietti first of all noticed that concerning the 
daylight only the modern school buildings were equipped with bigger windows 
that allow the natural light enter the classroom. Secondly, as to energy 
consumption buildings use at a level of 80% natural gas and oil systems for 
heating that are old enough with low efficiencies and rate of return. 
Thus, taking into consideration all these variations they proposed some possible 
interventions in order to improve the performance of school buildings. 
Concerning the lighting they tried to improve the power factor by replacing the 
incandescent lamps with efficient fluorescent ones, as to heating systems they 
suggested high insulation of the pipes exposed to the environment and installation 
of thermostatic valves in order to keep the space in a mediocre temperature 
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without extremely high fluctuations during the day. Furthermore, so as to achieve 
lower power consumption offered insulation around the building envelope as well 
as replacing also the frames with new ones constructed with higher performance 
and lower U values. 
Then, they proceed to a comparison between some schools that have been studied 
and examined relative to their consumption by using specific indexes, such as 
specific consumption per unit of volume or specific consumption per student etc. 
They found that the highest thermal energy consumption accounts for the schools 
constructed with reinforced concrete and plugging of several material which are 
built in 70s and 80s. The remarkable part is that historic buildings with old 
systems have medium thermal energy consumption because of their high internal 
inertia and as we approximate the 90s buildings have increasingly lower thermal 
consumptions.  
Regarding the electricity consumption, they reached the conclusion that small 
windows in combination with old lighting systems are extremely high consumers. 
However, the highest ones turned out to be the industrial-technical schools, 
because they are burdened with the biggest electricity loads needed to service 
their electrical equipment.(9) 
In 2011 in coordination with City of Espoo a research made for the Energy Use in 
Finland Schools. This study analyzed different schools and their energy as well as 
primary energy use. The buildings were located in southern Finland. Each 
building had different objectives with respect to energy efficiency in the design 
phase. Their objective was to find out how those decisions made in the design and 
construction phase have influenced the overall energy performance of the 
building compared to existing building stock of similar building type. 
The studied buildings were located in south Finland in the city of Espoo. All 
buildings were rather new ones completed after the year 2000. The studied 
buildings were mainly schools. The monitored energy consumptions were 
thermal energy (space heating and domestic hot water), electricity and water 
consumption. 
Two of the buildings were pilot buildings in a climate change and environment 
program called Julia 2030. This national program has 30 pilot buildings for 
energy efficiency. The aim is to decrease their emissions by 8% from year 2009 
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to year 2011. The reductions are done by decreasing electricity and thermal 
energy consumption as well as by reducing the use of paper. Also the decrease in 
waste production and waste separation has a high importance in the program. 
First, the building floor area and its increase or decrease trends were studied. It 
seemed that the gross floor area has been rather similar during the last 100 years 
but the gross volume has higher deviation and has tended to increase towards this 
century. In addition the proportion between gross floor area and building volume 
are rather similar in the studied buildings compared to existing building stock, 
which means that the architecture has in that sense remained rather similar. 
When the thermal energy is studied a slight decreasing trend in consumption 
could be seen, newer buildings consuming slightly less thermal energy. However, 
this was not true with all buildings. In measured thermal energy consumptions 
clearly lower thermal energy consumption could be seen in the studied buildings 
in which the energy efficiency had a higher priority in design. In addition the 
building code has changed during years resulting in lower reference U-values 
(better insulation) and higher ventilation heat recovery values. Even though the 
building use profiles are clearly different in schools, no big difference between 
these building types could be indentified in the measured thermal energy. 
The primary energy consumption of the studied buildings was lower in thermal 
energy than in the existing building stock. However, the differences were not 
substantial and especially some of the studied energy efficient buildings did not 
perform better in heating than a rather new reference building. All studied 
buildings were connected to district heating. 
The studied buildings were all completed after the year 2000, and thus were 
rather new buildings. Also all buildings had some target values in respect to 
energy or eco-efficiency. In addition they had good indoor climate targets. When 
the studied buildings were compared to relevant building stock in the same city it 
was found out that the thermal energy consumption was smaller in the studied 
buildings where a special attention was paid to energy efficiency in the design 
phase. However, it seemed that the new buildings did not have stingingly lower 
energy consumption. But when the primary energy consumptions were compared, 
a slight difference could be seen indicating the studied buildings in which 
attention was paid to energy efficiency in the design phase, were using less 
 
18 
 
primary energy. This clearly showed how complicated the relationships in energy 
consumption and the factors affecting it are.(1) 
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3. Legislative Framework in Greece 
Greece is divided into 4 climate zones depending on the mean annual weather 
conditions, zone A being the warmest and zone D being the coldest. Thessaloniki 
is considered to belong to climate zone C. School buildings located in Zone A, 
which is characterized by mild climate, have increased needs for cooling and less 
heating. The buildings of the zone B have very small heating needs but great 
needs in cooling boilers. The buildings in the zone C have the same needs for 
heating and cooling. And the buildings in the zone D have increased needs for 
heating. This affects the calculations of the energy performance on different 
levels, but mostly on the severity of the outside weather when comparing our 
building to the reference building.(11) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Image 1: Map illustrating the 4 climate zones of Greece. Thessaloniki is in zone C (yellow), (Source: 
en.wikipedia.org) 
 
In Greece there are more than 15.000 schools. These schools have more than 1.6 
million students across the country. The average annual consumption of energy 
per square heated space is estimated at around 92 KWh/m
2
 heated space, but in 
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many cases reaches 100 KWh/m
2
 or up to 200 KWh/m
2
 heated space. The total 
annual energy consumption of 270.000 MWh is equivalent to the consumption of 
around 16.300 tn oil diesel. This amount of energy consumed does not constitute 
the real needs of schools, as in many cases there are no comfort conditions inside 
the classrooms and students feel cold in winter, warm from spring to fall and 
suffer adverse lighting conditions all year.(1) 
In Greece today according to Ministry of Education there are 78.633 classrooms 
and the school population amounts to 1.390.437 students. According to statistics 
of the Ministry observed a slight decrease in the student population and an 
increase of classrooms, compared with 1992-1993, where the student population 
amounted to 1.573.482 students and classrooms that existed was 72.896.  All the 
municipal schools currently stand at 5.763 and kindergartens in 5.731. Note that 
throughout the country, in 1995 prepared a technical study for the rehabilitation 
of school buildings by the Centre for Renewable Energy and is the only census, 
approximately 15.000 rooms located in rented premises, which mostly were 
unsuitable for teaching process. Apart from the problem of the age of school 
buildings, there is the poor construction quality of new, both in terms of 
workmanship of the structure, and the thermal milieu. The latter, combined with 
the lack of planning and the small budget allocated for the maintenance and 
operation of schools leads to campuses with reduced thermal, visual and acoustic 
comfort.(2) 
Very often also bear the heat or the cooling load of the building, resulting in 
increased energy consumption for heating or to create conditions of reduced 
thermal comfort. Wrong orientation of classrooms, large external openings, lack 
of sun protection, are some of the design factors involved in the case to higher 
thermal losses and overheating in the transitional periods (spring-autumn) 
function school. Poor energy design school buildings leads to high energy 
consumption as well as a lack of thermal comfort conditions within their areas. 
Increased consumption leads to significant costs of the state budget, 
environmental impact, whereas the lack of comfort conditions reduces the 
learning ability of students 
The buildings are at the heart of EU policies on energy efficiency, as nearly 40% 
of final energy consumption and 36% of emissions of greenhouse gases 
attributable to homes, offices, shops and other buildings. Improving energy 
efficiency in buildings in Europe are crucial not only for achieving the EU's 
objectives for 2020, but also to achieve long-term objectives of our climate 
strategy, as determined in the roadmap for the transition to a competitive low 
carbon economy in 2050. 
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The Directive 2010/31 / EU on the energy efficiency of buildings (EPBD) is the 
main legislative instrument at EU level to improve energy efficiency of buildings 
in Europe. The key element of the Directive on the energy performance of 
buildings is the buildings with almost zero energy consumption. 
According to Article 3 of the EPBD Member States shall ensure that: 
 Until 31/12/2020 all new buildings are nearly zero- energy buildings and  
 After 31/12/2018 new buildings occupied by public authorities or their 
property consist of near-zero energy consumption buildings. 
Nearly zero-energy building’ means a building that has a very high energy 
performance, as determined in accordance with Annex I. The nearly zero or very 
low amount of energy required should be covered to a very significant extent by 
energy from renewable sources, including energy from renewable sources 
produced on-site or nearby. 
 
As a minimum requirement of energy performance of buildings should all new 
and renovated buildings to have an energy efficiency of less or equal to the B 
category. 
The categories of energy classification (A+, A, B+, B etc) are determined by a 
range of energy consumption values for each building use and climatic zone. The 
classification of the building is based on the estimated total energy consumption 
in KWh/m
2
. 
The environment of a Kindergarten internally and externally should cause 
positive emotions in infants, be elegant, intimate, friendly, and predispose 
positive children and parents. 
1. Location:  
The location of buildings and the orientation of the rooms must be such that: 
 To ensure adequate insolation and solar control for day lighting of 
buildings ain order to have an adequacy and smooth distribution of light in 
the spaces. 
 To utilize solar energy for heating of buildings during the winter and also 
to have natural light all year round. 
 To protect buildings from the summer sun, mainly through sun screens, 
but also the proper construction of the shell. To remove the heat that the 
good weather accumulate inside the building naturally to the external 
environment with systems and passive cooling techniques, such as natural 
ventilation, mainly at night. 
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The southern exposure of the halls is the most appropriate for enough useful 
incoming radiation in winter and adequate natural light all year round. But 
required deflection systems of natural light to the ceiling, to avoid glare to the 
field of students and shading in the summer, for full deflection of the solar 
radiation from the face of the building. The indoor temperature should be 20
o
C 
according to directive 362/4.7/79 in order to have a thermal balance between hot 
and cold in the pace regardless of children's activities. 
2. Visual comfort:  
The visual comfort is characterized by three quantitative and qualitative 
characteristics that are key lighting control criteria in classrooms and laboratories: 
 From the amount of light that reaches the working level, which should be 
equal to 300-325 lux for classes, 540 lux for workshops and 300 lux for 
the library. 
 The distribution of lighting in the workplace means uniform distribution of 
natural light in all the desks. 
 By avoiding glare normally generated, or the incidence of sunlight in the 
work plane, or by the creation of strong shading space. 
For a uniform distribution of light inside the rooms, it should have openings in 
both sides. Aprons windows should be at 0,90m from the floor shaped to allow 
children to watch out, to have direct contact with the natural environment and to 
observe the changes. 
3. Ventilation:  
For the proper ventilation there should be 5 air changes per hour in the classroom 
having calculated the area of the openings to be at least 5% of the net area. The 
movement of the air must be between two equal through-openings arranged 
diametrically at different level. The controlled mechanical ventilation is the most 
appropriate that the incoming fresh air should not exceed nor fall below the 
required. 
4. Classroom: 
Classroom should be with a minimum area of thirty (30) m
2
 and in terms of 
which three (3) m
2
 per student according to international standards. There is no 
limit on the minimum or maximum number of rooms, as long as none of them 
should be less than 30 m
2
. Therefore, a nursery capacity 60 infants required 
(60/3) m classrooms in one or more rooms, none of which may not be less than 
30m
2
. 
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5. Rest area: 
This area must be situated in a quiet spot and has low light. We have: 
 Wooden floor the plastic (linoleum), in soft colors. 
 Lockers for storage of personal items of children (blankets, pillows etc.). 
 Equipment with individual layers of the children's beds. 
 A suitable storage space for the placement of children shoes, out of the rest 
area. 
6. Dining room - Kitchen: 
The dining room should be combined with comfortable kitchen. There should be 
an open plan with the separator to be consecutive. 
 The kitchen must have the necessary equipment. 
 The floor of the dining room should be made of plastic (linoleum), in 
cheerful colors. 
 There should be 3-4 washbasins and towel rails to the point of the dining 
room where not bother. 
7. Toilets – Rest Rooms: 
 Toilets for infant should be included in accordance with international 
standards, sufficient number of children. 
 The sanitaries should correspond to the size of toddlers (basins, sinks 
etc.). 
 The washbasins should be placed on a built-in bench, lined 
porcelain plates in a suitable height from the floor formed. 
 Doors should not be putted in infants’ WC. 
 There should be lockers for storage of personal items of children. 
 The walls should be covered with porcelain tiles up to the height of the 
casing of the door. The floor must be covered with slip resistant tiles. 
 
8. Courtyard area: 
There should be two (2) m
2
 per student in courtyards or expansion spaces 
according to international standards. Proper configuration of the yard area has as 
main tutorial goal, all-round development of the child, without neglecting that 
mostly served in this area the motor needs of children, expansion and discharge. 
The building of the Kindergarten must be surrounded by garden and courtyard 
where prevails the green. A part should be covered in order to give kids the 
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ability to play under all weather conditions. The exterior area must be configured 
to an extension indoor game Kindergarten and give children physical and spiritual 
impulse. 
Shrubs, trees and planting affect the microclimate inside and outside the building, 
and contribute to thermal comfort and hygiene. Usually they used for their 
aesthetic contribution to the field, to wellness offering with the precious oxygen 
and for their participation in improving air quality, and neglected their role as a 
key factor in energy planning. The type and characteristics of planting around a 
building, affecting its exposure to the sun and wind, and therefore comfort and 
energy conditions for heating in winter, cooling in summer and often energy from 
the use of artificial lighting. The plants can serve as windbreaks for winter, by 
controlling the movement of air as shading components and cooling by adjusting 
the exposure of the building to sunlight and providing cooling by evaporating the 
foliage in the summer, and as filters daylight extended time. They also work as 
dust filters, protect from erosion, reduce noise, air pollution and visual impact and 
at the same time they create privacy.(12) 
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4. Energy audit of a kindergarten in Greece 
This project involves the analysis and critique of bioclimatic operation of existing 
building. For this purpose, we selected a public kindergarten in Panorama 
Thessaloniki. The building is considered both in terms of internal comfort 
conditions, as well as to the microclimate of the area. 
 
4.1. Building characteristics 
4.1.1. Location of the building - Architecture composition 
This kindergarten in Panorama, located in the settlement of "Rural - Surveying" 
in Panorama Thessaloniki on the corner of Nymphs and Anemones. It is a region 
characterized as pure house with low buildings and plenty of vegetation. The 
building was built in 1985, it is a ground floor building with total area of 
618,13m2, with simple composition, squared blocks that make up a discreet 
presence in the field, with low height and harmonious proportions and as we can 
see below it has all its sides in contact with external air due to the fact that there 
is a courtyard area around it. 
The land is located in the municipality of Panorama - Pilea at an altitude of 300 
meters above the sea level and with total area of 12.724m
2
. The building is 
situated on the entrance at the northeast corner of the pitch, it has the main face to 
the west (position customary in Thessaloniki due to sight and slope of the land). 
The elongated volume is located in the East - West axis.  
 
 
 
 
 
 
 
 
 
 
 
Image 2: Aerial nursery municipality of Thessaloniki Panorama (Source: Google Earth) 
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The functions revolve around the reception - Secretariat. In North side kitchen 
fitted, the dining facility and other auxiliary building sites while on the southwest 
side there are classrooms with direct access to the surroundings. Moreover, there 
is a boiler room on the east side next to the central entrance. The building is 
surrounded by large windows and covered by a sloping roof to the largest part 
which is also in the largest part passable. The slope is mild. The area was, and to 
some extent remains pine. The building is exposed perimeter and adjacent 
volumes are low as define the zoning laws of the area. Furthermore, the building 
does not have much depth; it has perimeter glazing of large dimensions and thus 
allows operation using day lighting. 
A sizable part of the yard area is green. The plot has two entrances. One on the 
corner of Nymphs and Anemones, where it serves the pedestrian entrance and one 
at the other end of the land on Anemonon, where used as parking entrance, but 
also for catering. The biggest part of the building has a layer of paving and 
concrete. A large part is with asphalt (parking), while the rest is green space. On 
one of the land and in some central points, there are trees for shade on summer. In 
analogy, the green area is about 40% of the plot.  
Equipment surroundings consist of two or three benches, a playground and a sand 
play area. The school yard does not follow a theme - development plan and is 
generally characterized by extensive hard surfaces, some sand in the existing pit, 
a found and a few trees. The fence of the building is a mixed structure consisting 
of concrete parapet and metal railing. In the evening, illuminated asymmetrically 
with low intensity of headlamps are positioned in the corners of the roof of the 
building 
The Nursery is open from late August to the end of July and accommodates small 
children from two and a half (2.5) up to five (5) years. The program of the station 
includes the attendance of children from half past seven a.m. (7:30) and staying 
up to four (16 o'clock) in the afternoon. During the day children are offered two 
(2) meals, breakfast and lunch. The sunny days of the year children play around 
from eleven in the morning until one in the middle. From one (13:00) noon and 
after the children are asleep or working inside the building. 
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Table 1: Project Information 
Project Information 
1. Plot Area 12.724,72 m2 
2. Structured surface 618,13 m2 
3. Working Hours 07.00 a.m. -15.00 p.m. 
4. Floors 1floor 
5. Height 5,50 m < 7,50 m 
6. Staff 10 people 
7. Working Season 01.09 – 31.07 
8. Registered children 98 kids 
 
Images of the external sides of the building 
 
  
Image 4: North-East side 
Image 3: South-West side 
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4.1.2. Climate conditions 
The climate in the area is Mediterranean with continental characteristics. In 
general, however, the Panorama has many sunny days during the year. The 
snowfall in the winter is not at all uncommon and may occur at any time from 
early December until mid-March, but the snow reaches the ground usually melts 
within a few hours. The climatic conditions of the area as measured and 
statistically airport "Macedonia", have the following minimum and maximum 
values. 
Table 2: Minimum - Maximum Temperature Rates, Average Rainfall, Panorama Thessaloniki 
(Source:en.wikipedia.org) 
Month Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 
Minimum 
Temperature 
o
C 
1 2 5 7 12 16 18 18 15 11 6 2 
Maximum 
Temperature 
o
C 
9 10 13 18 23 28 31 30 26 21 14 10 
Rainfall (mm) 36,9 40,3 45,7 36,1 44 31,6 25,6 20,8 26,2 40,6 57,7 52,9 
Record of  
temperature 
20 22 25 31 36 39 42 39 36 32 27 26 
 
Panorama is located about 15km from the city of Thessaloniki but has its own 
microclimate, with temperature 2-3
o
C lower from the town. The coldest month of 
the year is January with a mean temperature 1°C and the warmest July with 31ºC. 
Rainfall show double variation in annual visa. The primary peak is observed in 
November 57,7mm and 45,7mm second March. The minimum observed in 
August 20,8mm with an average of 38mm. In recent years, the temperature and 
the humidity are increased to 10-15%. The main reason of this increase is the fire 
in 1997, but also the construction activity. Buildings are constructed to large 
surfaces changing the topography. Latest research shows that the moisture 
content of the area is affected by the dam which is located in Thermi. The 
prevailing winds are north – northwest between October and March and are due 
mainly to the Vardar who is strong-dry wind (downstream) and causes intense 
evaporation and cloud buster. The speed reaches the limit of the storm 8 Beaufort. 
The remaining time (hot season) prevail the southern component winds and 
easterly winds present an increased percentage blowing from the mountain 
Chortiatis in Thessaloniki (max 130 km / h). 
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4.2. Building Elements 
The bearing body building is made of reinforced concrete. All concrete elements 
are insulated from their external side plates of extruded polystyrene 5cm thick 
and weight 35kgr / m
3
. 
External filling walls under the openings consist of double brick walls width of 
25cm with internal fiberglass insulation thickness 5 cm and weight 50 Kgr / m
3
 or 
glass blocks.  
There also parts of the walls that are lined with decorative bricks which reach to 
35cm thick. 
The roof plate is made by reinforced concrete, insulating material thickness is 
10cm, then there is tilting concrete, waterproofing and the final coating is with 
ceramic tile.  
Internally the building is everywhere coated with marble, most of the classrooms, 
which have as a final coating floors and sanitary facilities - helper who have 
ceramic tiles.  
In the building there are two types of windows. There are four wooden windows 
and the others are aluminum with double glazing without thermal bridges and 
appropriate construction deal detail thermal bridges. Most windows are at a 
height of about 1m from the final ground. They have an intense yellow color. 
These are located on the southwest side of the building and have awnings of 
fabric.  
The color of the exterior walls is light and in some places there are investments of 
decorative bricks. 
In the building there is an oil boiler from 1986 with power 75,6 kW which is used 
during the heating period. 
The ventilation shall use natural methods during the heating period and during the 
cooling period they use artificially systems in order to fresh and cool the air, such 
as air conditioning units. More specific there are two air-condition systems on the 
southwest side of the building of 2,64 KW each. 
The requirements for domestic hot water (DHW) use of building is covered by a 
storage hot water cylinder that is indirectly heated from oil boiler. 
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Image 5: Floor plan of the building 
 
4.2.1 Lighting 
The building is arranged around sliding and hinged aluminum windows, in 
sufficient dimensions in order to make use of natural lighting and sunlight 
contribute where possible to heat the halls. The south side of the building has 
better utilizing daylight, and allowed solar radiation to a greater extent, steadily 
and better distribution in all seasons. During the warmer months of the year 
intense sunlight does not enter directly inside the halls because shades (fabric 
awnings). Thus, the radiation is from the reflection of white plate sidewalk 
surrounding the building, and of the light-colored surfaces of the ceiling. During 
the winter months the sun enters through the halls, thus increasing the natural 
lighting. In addition, all the halls of the southwest orientation have curtains for 
the control of natural lighting.  
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Worse in taking the natural light are the rooms located on the west side of the 
building. This is because of the reduced radiation that hire in the half of a day and 
in addition because they receive the highest amount of direct radiation in the 
summer instead of the winter. Another significant problem that those screens 
have is the intense glare and difficulty for sun protection because of the low 
horizon. On the other side of the building, the north eastern exposure that have 
those rooms have sufficient revenues daylight all year round because of equal 
sized large openings that exist around the building. In this side of the building 
kitchen and utility rooms are located. 
Generally, the orientation and openings and position of the building allow an 
unobstructed flow of natural light in the building. The depth of the building does 
not exceed 13m as are considered, the optimal depth of the building to take full 
advantage of natural light with diametrically opposite openings. The existence 
perimeter skylight at the entrance, it facilitates natural light.  
As to the colors and materials inside the building, is open to help the reflection of 
light and do not cause glare. The building is free on all sides of and spaced from 
adjacent buildings thus not obscured by other adjacent or natural obstacles. 
 
4.2.2. Building’s behavior during heating and cooling periods 
During the heating period, heat losses affecting more the rooms on the east side, 
which are affected by the northern winds. The losses are more pronounced at the 
points in which, we observe the creation of thermal bridges. Heat losses can be 
created by the aeration of halls, especially when there is a program completely 
burner operation in boiler room located in the northern part of the building, gives 
heat to the area and adjacent walls induction. The halls of the southern and 
western side are not so affected by the northern winds, as they are below the 
auxiliary rooms and reception. Here are heat losses from windows and glazing, as 
well as from accidental ventilation of rooms. These rooms have the advantage of 
direct penetration of sunlight in the winter months, which increases the thermal 
balance of the premises. In the utility rooms and the dining room there are heat 
losses from the northern direction, which means north-facing winds, large 
windows and floors cold materials (marble, ceramic tile).  
A large increase in the internal temperature in the kitchen and dining area caused 
by the use of electrical appliances (stove, oven), resulting in open windows even 
with very low outside temperatures.  
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The southwest orientation of the rooms allows direct penetration of sunlight in 
the halls and increases the temperature and level of glare during the summer 
months. The building has no portico and therefore used cloth tents (located in 
poor current situation) and curtains. The frames of the building are large in height 
about 1,00m from its territory. There are no ceiling windows which could help in 
insulation, ventilation and cooling the building. The building is bright with 
several large windows on all sides, which helps ventilation and cooling, its 
moments where there is an increase in the internal temperature. Regarding the 
rooms, the air stream can be created where the doors are open. Regarding the 
construction of the building, the concrete elements and the filling walls are 
insulated thereby mitigated, and maintain the temperature of the interior. Also 
external doors have not good quality of materials so this helps in increasing the 
temperature inside the building.  
The lighter shades of the housing, as the smoothness of the shell material 
increases the reflectivity of the building and thus the absorbed radiation is 
reduced as through conductivity may increase the internal temperature.  
The planting of the surroundings, offers local shadow, a pine tree located next to 
the building. Finally, an increase in the internal temperature is caused by the use 
of artificial lighting. 
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4.3. Physical description of the building 
There are three different types of building elements construction, details in the 
elements that we are analyzing below. These include a) the bulk of the exterior 
brick wall with extruded polystyrene insulation, b) the insulated concrete wall 
elements on the exterior and c) the concrete walls with decorative bricks 
mounting. 
Brick wall 
 
 
 
 
 
 
 
     Table 3: Brick wall characteristics 
 
Concrete wall 
 
    
 
 
 
 
 
 
  
Image 6: Brick wall 
Table 4: Concrete wall characteristics Image 7: Concrete wall 
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Concrete wall with decorative brick 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
4.3.1. Calculations of building elements 
Calculating the opaque building elements we can see in the table below the 
properties of the elements that affect the apartment as to energy losses adding the 
solar absorption and emissivity factors based on the building elements 
composition. 
The last brick walls in contact with the unconditioned space of the boiler room 
and the two iron external doors as well are in conduct with the external air, so 
their U values are multiplied by 0,5 according to the calculation process. 
 
 
  
Image 8: Concrete wall with decorative brick Table 5: Concrete wall with decorative brick characteristics 
Table 6: Calculations of opaque building elements, source: Energyplus software 
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Moreover, calculating the transparent building elements of the building we 
need to calculate their thermal transmittance as you can see in the table below. 
We have two types of openings – windows that differ as to dimensions and 
materials. The kindergarten has 32 openings, included the two external doors, 
where 4 of them have wooden frame and the others have aluminum frame without 
thermal break. More specific we have nine categories of openings with different 
dimensions. As to windows there are eleven windows with dimensions of 2.10 x 
3.00, there are eight windows of 1.40 x 2.10, four windows of 2.10 x 2.00, two 
windows of 1.40 x 2.10 and other two of 1.40 x 0.70 and 0.60 x 3.20 each. As to 
balcony doors there are two with dimensions of 3.40 x 2.80, two balcony doors of 
2.00 x 2.30 and one of 3.20 x 2.80 m. 
 
Table 7: Calculations of transparent building elements, source: Energyplus software 
 
4.3.2. Shading 
Shading has an effect on the energy performance of the building elements we 
calculated previously because it reduces thermal gains during the heating period 
causing an increase in energy consumption and it protects the building elements 
from overheating during the cooling period causing energy savings due to smaller 
cooling loads.  
 
In order to calculate the affect of shading we divide it into three forms of shading. 
Horizontal shading from obstacles like other buildings opposite the building that 
block the sun, overhangs and shading systems that protect the elements and 
windows from the sun and fins on the side of the building elements and we 
calculate what affect us every time.  
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In our case due to the fact that there is not any building adjusted to our building 
or opposite to it the only shading that we have is from the overhangs.  
 
The table below summarizes the calculations for all forms of shading on the 
opaque building elements: 
 
 
 
 
 
 
 
 
The table below summarizes the calculations for all forms of shading on the 
transparent building elements as well as the infiltration rate for each one: 
 
 
Table 9: Calculations of transparent building elements according to shading, source: Energyplus 
software 
 
Table 8: Calculations of opaque building elements according to shading, source: Energyplus software 
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4.3.3. Heating system 
The heating system of the building is the producer of energy required during the 
heating period. In this building this action takes place through of an oil fuelled 
boiler of 75,6 KW. This heating system heats water to distribute inside the 
building through pipes and transmits the heat inside the building using radiators. 
 
 
 
 
 
 
 
 
 
 
 
 
The following tables summarize the heating system utilization throughout the 
year, the distribution system characteristics, the emission system and circulating 
pump characteristics: 
 
Table 10: Heating system utilization throughout the year, source: Energyplus software 
 
The following table illustrates the distribution system characteristics: 
Image 9: The existing oil boiler 
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Table 11: Distribution system characteristics, source: Energyplus software 
 
The following table illustrates the circulating pump characteristics. 
 
Table 12: Circulating pump characteristics, source: Energyplus software 
 
The following table illustrates the emission system characteristics. 
 
Table 13: Emission system characteristics, source: Energyplus software 
 
4.3.4. Cooling System 
The cooling system is the producer of energy required during the cooling period. 
The kindergarten is open from late August to late July which means that it should 
not only face with cold during the winter, but also with the hot dates and the 
increased temperatures during the summer. Thus, for cooling period it has two air 
conditions of 2,64KW. 
 
 
 
 
 
 Image 10: The existing cooling system, air-condition 
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The following table summarizes the cooling system utilization throughout the 
year: 
 
Table 14: The cooling system utilization throughout the year, source: Energyplus software 
 
 
 
Table 15: The emissions of the cooling system throughout the year, source: Energyplus software 
                 
Table 16: The auxiliary equipment of the cooling system, source: Energyplus software 
 
4.3.5. Domestic Hot Water System 
The hot water system for this building is connected with the oil boiler that 
kindergarten has for heating.  
The oil boiler, which is situated in a closed space the “boiler room”, while 
operating warms the water of the burner, which distributes the radiators to warm 
up the space, and simultaneously heats the water boiler to provide hot water for 
any other use. So, in order to have hot water the only solution is the heating 
system to be in operation. 
 
Table 17: DHW system utilization throughout the year, source: Energyplus software 
 
 
Table 18: DHW storage characteristics Table 19: Distribution system characteristics of DHW, source: 
Energyplus software 
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5. Energy rating 
After doing all the calculations analyzed up to now, we run the data in the energy 
audit software to get the final energy performance results. 
The building has been study as a Primary education building and the required 
loads for heating, cooling and domestic hot water use are given in the table 
below. The loads are included and ventilation loads for each season. 
So, the following tables summarize the total costs of energy for the building 
throughout the year, and the awarded energy class, which is C. 
 
Table 20: Primary energy consumption of the building, source: Energyplus software 
 
Table 21: Fuel consumption & CO2 emissions of the building, source: Energyplus software 
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Table 22: Energy demand of the building during the year, source: Energyplus software 
 
Table 23: Final energy consumption during the year, source: Energyplus software 
 
Table 24: Operational cost of the building, source: Energyplus software 
 
From our calculations so far, we have seen that a large part of the internal energy 
of the house flows through the windows since their U values are fairly low 
compared to those of the walls and as a result the building consumes energy for 
heating more than it needs to. On top of that, the area the windows occupy on the 
total surface area of the elements in contact with the outside air is fairly large as 
well. 
Furthermore, we observed that lighting consumers high percentage of energy and 
money without providing the school with the light that it needs. 
Thus, it would be a logical choice to propose the upgrading of windows to newer 
ones with better U-Value. To replace these types of lamps with newer more 
efficient and economically feasible and generally to upgrade the kindergarten so 
as to make it an exemplar Educational School, energy useful, economical and low 
energy consumption. 
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6. Energy Saving Measures 
A common problem that occurs in older buildings are large heat losses (area 
exposed to cold winds discontinuity insulation, lack of thermal insulation frames) 
and reduced thermal comfort felt by users due to cold surfaces. Similarly during 
the summer months, there is an increased temperature encountered by craftsmen 
and intensive media. 
For this purpose, according to the climatic conditions of the area and the 
topography of the ground, we studied the existing components and proposed 
structural solutions to pronounce feasible reduction solutions the energy 
consumption and better functioning of the building on heating, cooling and 
lighting. 
Objectives of the new design of the building are: 
 The insurance of thermal comfort conditions 
 The insurance of adequate day lighting 
 The reduction to zero CO2 emissions in the atmosphere 
 Low school operation and maintenance costs 
We will use measures through which we will give special emphasis on improving 
the behavior of the building on the lighting, cooling, shading, and the visual and 
thermal comfort of users. 
As for the winter season, the aim is thermal protection, thermal insulation and 
heat capacity. So, to reduce heat loss from the building envelope to the outside 
environment should have: 
a) Adequate insulation of compact elements of the building envelope, i.e. walls, 
floors, ceilings. 
b) Replacement and refitting appropriate frames with double glazing with low 
thermal transmittance and thermal break. 
c) Well lining of frames 
In addition, in order to have a well operation system of heating and air 
conditioning in conjunction with the saving of energy proposes the use of passive 
systems for direct and indirect solar gain is interesting. With the use of these 
systems solar radiation is bounded and converted into heat and then heat is 
transferred to heat the space. In particular building can be used as direct gain 
system south glazing windows and install solar panels on the slanted roof, 
through which we will produce electricity. 
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To a further extent, we observed that lighter interior walls create the "feel" of 
ambient light, increasing to some extent the light levels in the room. And wanting 
to emphasize the lighting we will replace the incandescent lamps with low-energy 
light bulbs. 
As for the summer season, the aim is to be the building as a recipient and storage 
of natural cooling. This means that due to the fact that in the summer the intense 
solar radiation and high temperatures harm the building, we have as a result 
increasing the risk of overheating the interior. Thus, to achieve natural cooling 
required protecting the building from the sun, particularly the openings, and the 
transfer the excess heat to the outdoors, with natural ventilation. 
 
6.1. Simulation Scenario 1: 
 
6.1.1. Insulation of vertical external building components  
 
The solution chosen for the vertical exterior panels are insulated with mineral 
wool 50 mm thick. The thermal conductivity of the insulating material, i.e. the 
mineral wool will be λ=0,032 W / mK. Thus, we will have new thermal 
conductivity factors of 0,30 W/m
2
K  for concrete walls and 0,28 W/m
2
K  for 
brick walls respectively something which is extremely positive taking into 
consideration the maximum allowable values of the coefficient of heat transfer 
components for the four climate zones in Greece, as defined in Article 8 of the 
Energy Performance of Buildings Regulations - K.E.N.A.K. 
 
 
 
 
  
Table 18: Energy Performance of Building Regualtions (Source: ypeka.gr) 
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6.1.2. Replacement of frames 
The windows of the building are all metal without thermal break. The glass panes 
available are single and double. They are not glazing and energy efficient, ie 
coated with metal oxides. 
The proposal for the terms of replacement windows, maintaining their existing 
typology, is with triple glazed windows with thermal break – PVC and energy 
glazing (low-e) glass and larger gaps to fill inert gas of Crypton. 
The heat transfer coefficient of the frame should be equal to Uf = 1,4W / m2K. 
The seal will be made with EPDM rubber in all the attachment points to ensure 
the maximum air tightness. Also, they should have a perimeter lock for safety 
reasons. 
          
 
Image 11: Sample of triple glazed windows with thermal break - PVC 
 
6.1.3. Interventions in heating installations 
With gas boilers we have the maximum efficiency and absolute comfort. Natural 
gas is the cleanest and least polluting conventional fuel. Burning leaves little 
residues, therefore requires less cleaning during maintenance and ensures a longer 
life of the devices. No storage space is required, since it is readily available from 
the installed network and does not need to prepay for the fuel. 
It is proposed to install a wall mounted condensing boiler without secondary heat 
exchanger with direct DHW heating. For this purpose we chose the Vaillant 
ecoTEC VU Plus 386, which in combination with Vaillant VIH R cylinder with 
capacity of 200lt and 34kW power can be used to produce hot water. 
Simultaneously, with the installation of compensations we will have complete 
control of the internal temperature adapted to the needs of children and people 
who are in space. 
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Moreover, it is extremely important that its efficiency is up to 109%. With the use 
of such boiler we have economic benefits but also contribute to the protection of 
the environment due to its low carbon dioxide emissions  
 
6.1.4. Interventions in lighting 
Classrooms lit by luminaries of two linear fluorescent lamp power of 36W each 
and consume 51.84kWh every day. The main objective of these interventions in 
the existing installation of lighting system is saving electricity which will provide 
environmental and economic benefit for the institution itself.  
The new lighting will have reflectors for better diffusion of the light beam within 
the space. For this reason we propose lamps LED 18W that produce more light 
than the incandescent bulbs. In addition to 
fixtures with fluorescent lamps will be used modern electronic operating systems 
thereby reducing the specific power losses. 
Taking into consideration all the above interventions the following tables 
summarize the total costs after the implementation of the proposed changes in the 
building. 
The total costs of energy for the building throughout the year, and the awarded 
energy class is now upgraded to B+. 
 
 
Table 26: Primary energy consumption of the building, source: Energyplus software 
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Table 27:  Fuel consumption & CO2 emissions of the building, source: Energyplus software 
 
Table 28: Energy demand of the building during the year, source: Energyplus software 
 
Table 29: Final energy consumption of the building during the year, source: Energyplus software 
 
Table 30: Operational cost of the building, source: Energyplus software 
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6.1.5. Financial cost of the proposed interventions 
Costs per intervention in the building will be as follows: 
Interventions Cost (€/m2) Surface (m2) Total cost (€) 
External insulation 28 348,34 9.755 € 
Led lamps  15 80 1.600 € 
Triple glazing windows & balconydoors- PVC   12.220 € 
Condensing boiler    4.300 € 
 
Total final cost: 27.875 € 
Table 31: Financial cost of the interventions 
 
Thus, taking into consideration the operational cost that is calculated before and 
after the proposed interventions and the financial cost of them we can now 
calculate a payback period for this first scenario of investments and also the Net 
Present Value in order to see if this deserves to be (15). Capital cost considered 
5%.  
Annual cost benefit: 5.079 – 2.432 = 2.647€ 
Simple Payback period: 27.875 / 2.647 = 11 years 
Considering that the payback time in building intervention is within 20 years, 
below shows the net present value (NPV) of the first scenario. 
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Table 32: Net Present value calculations within 20 years of operation 
 
Overall, the investment has a very interesting payback period and in combination 
with the positive NPV we reach to a conclusion that this scenario is efficient and 
feasible. 
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6.2. Simulation Scenario 2: 
 
The second scenario that we wanted to study is what would happen if in 
combination with all the above interventions we will place a photovoltaic system 
on sloping piece of roof. What would be the benefits that we will have in terms of 
energy consumption of the building and if also this scenario could stand 
financially by assigning a satisfactory payback time. Thus, making a research we 
selected the system below by calculation that the kindergarten needs at least 
38kWh per day. 
 
6.2.1. Photovoltaic modules System Integration 
 
On the roof of the kindergarten will be installed autonomous photovoltaic (PV) 
power systems to meet the energy requirements of the building. The installation 
of such systems will lead to significant economic benefits as it will reduce the 
amounts of electricity supplied by the Public Power Corporation (PPC) and the 
charges of the latter by extension. 
The PV framework chosen for this preliminary study is polycrystalline silicon 
technology with 60 elements (cells) per frame. Each frame has efficiency (solar 
radiation utilization rate) equal to 15.2% and nominal capacity of 250Wp at 
standard test conditions (Standard Testing Conditions6). Typical dimensions of 
frames that used are 1660x990x50mm while their weight is 20kg. 
 
Image 12: Sample of photovoltaic system 
Using the above PV framework in this preliminary study showed capacity for 36 
PV panels on the roof of the kindergarten having the ability to provide in building 
20-55kWh every day. The PV framework will be placed in the South-west side of 
the roof with a slope of 10 °. These PV modules will be connected through 
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special wiring DC (for use in photovoltaic systems "Solar Type") to AC power 
inverters 10000VA to convert direct voltage / current into alternating voltage / 
current. Each inverter has a maximum voltage suitable for the connection of PV 
panels and will have and the highest possible performance to maximize energy 
output. The efficiency of the inverter is greater than 98%. 
The method of operation of the system will be as follows: During the day there is 
planned to generate electricity through photovoltaic panels. Constant voltage and 
current is converted into alternating sizes (voltage-current) through the power 
inverter. If the power requirement of the loads of sites is greater or equal to the 
production, then in that case the whole power output / inverters will be supplied 
to the loads. The part of the cargo to be unable to meet the solar arrays will be 
covered either by batteries or from the grid (via the substation). If the power 
requirement of the loads during the day is less than the production it meets the 
needs of the loads and the energy surplus 
stored in batteries using a special charger.  
The stored energy will be attributed to consumption at times when there is no 
sufficient amount of electricity generated (eg. nights). Since the production of 
energy from any PV system is a changing phenomenon which depends both on 
the time of year (position / height of solar) and the weather (sunny, cloudy, rain, 
etc.), the firm is not possible, uninterrupted and continuous supply of loads. 
Therefore incorporated into the design of the system lead-plate batteries with acid 
(OPzS) fixed mounting. In these batteries will be saved solar energy. Each 
installed cell has voltage 2V. The dimensions of each cell are 275mm x 210mm x 
821mm, and the total weight of about 81,10kg. 
 
 
Image 13: Circular flow of net metering  
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So, the total costs of energy for the building throughout the year, and the awarded 
energy class is now upgraded to A. 
 
Table 33: Primary energy consumption of the building, source: Energyplus software 
 
Table 34: Fuel consumption & CO2 emissions of the building, source: Energyplus software 
 
Table 35: Energy demand of the building during the year, source: Energyplus software 
 
52 
 
 
Table 36: Final energy consumption of the building during the year, source: Energyplus software 
 
Table 37: Operational cost of the building, source: Energyplus software 
 
6.2.3. Financial cost of the proposed interventions 
Costs per intervention in the building will be as follows: 
Interventions Cost (€/m2) Surface (m2) Total cost (€) 
External insulation 28 348,34 9.755 € 
Led lamps  15 80 1.600 € 
Triple glazing windows & balconydoors- PVC   12.220 € 
Condensing boiler    4.300 € 
PVs   24.500 € 
 
Total final cost: 52.375 € 
Table 38:  Financial cost of the interventions 
 
Thus, taking into consideration the operational cost from the current situation, the 
new operational cost from the proposed interventions and the new financial cost 
of them we can now calculate this payback period for the second scenario of the 
interventions and its NPV respectively (15). Capital cost considered 5%. 
Annual cost benefit: 5.079 – 1.860 = 3.219 € 
Payback period: 52.375 / 3.219 = 16 years 
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In conclusion, including a system that exploits solar energy we achieved to create 
a high energy upscale building with quite low energy consumption. This 
investment to be depreciated, according to the study, takes about 16 years and the 
most important is that its NPV is negative, which means that we are talking about 
an unfeasible investigation. 
 
6.3. Simulation Scenario 3: 
 
The last scenario simulated had the aim to convert the building to a Green 
building. This means that the additional interventions proposed had as primary 
goal the energy upgrading of building by the use of renewable energy, the 
creation of an eco - friendly building and the improvement of the microclimate of 
the area. 
 
Table 39: Net Present value calculations within 20 years of operation 
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6.3.1. Wind turbine 
First of all, for reasons of safety will incorporated in the design of the 
photovoltaic system and a small wind turbine 1kW so as to support the system of 
PV when the weather is not good. 
The sloping roof is proposed to fit a small wind power of 1kW. We suggest in 
particular the FuturEnergy AirForce 1, which is a very small wind turbine with a 
rotor diameter of 1.8m that can be connected to the mains on the one hand to the 
other hand reducing the bills and help to battery charging. 
The wind turbines are particularly useful in stand-alone photovoltaic systems 
needing extra support during the winter season. In winter especially, as the panels 
produce less power due to decreased sunlight, the contribution of a wind turbine 
can be catalytic as the wind in winter and statistically more of days (bd days) and 
hours (night) there is no sunshine produce maximum. 
 
6.3.2. Extensive Green roof 
The modern trend in accordance with the principles of bioclimatic architecture is 
the creation of functional green roofs. Green roofs improve the microclimate in 
urban areas, refresh and increase humidity by preventing sunlight reach the 
building envelope using the shadow created by the plants on the surface of the 
roof. They also create pleasant climate and contribute to reducing the 
phenomenon of "urban heat island" effect. Green roofs have the ability to reduce 
the volume reflected by 3dB and simultaneously enhance noise insulation at 8dB. 
They operate as a filter which retains the suspended particles thereby reducing 
dust and smog. (11) 
Moreover, they enhance insulation and reduce energy losses and heat exchanges 
with the environment. They create also natural habitats for urban flora and fauna. 
The main feature of green roofs is the gentle distribution of temperatures in 
successive layers throughout the year, unlike a conventional roof, where 
fluctuations occur. Green roofs contribute significantly to reducing the 
temperature range between winter and summer, reducing the thermal stresses of 
the panel as opposed to a conventional roof where with the high binding of the 
incident solar radiation is presented an annual temperature range of almost three 
times higher than the planted causing large thermal stresses in the structural part. 
So, according to the above it is easily understood that the green roofs offer 
aesthetic, ecological and functional advantages and form a confluent implement 
environmental design with significant economic benefits. 
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The combination of photovoltaics and green roofs has important energy and 
environmental benefits. The green roof reduces the temperature through the plant 
transpiration and moisture evaporation, thus optimizing the performance of 
photovoltaic modules. With the rest of the combination of two environmentally 
friendly technologies, we have the maximum energy production while ensuring 
the protection of the carapace from the extreme change in external circumstances 
(wind, hail, heavy rain, high temperatures).  
The shading from plants and thermal properties of systems infrastructure green 
roof protects the waterproofing from thermal stress and increases duration. The 
microclimate conditions created on the surface of the green roof by reflecting 
solar radiation, evaporation of stored humidity and plant transpiration, maximizes 
energy production from the photovoltaic, which have maximum performance at 
25
o
C. (14) 
Taking all these into consideration, our proposal is to construct a system of 
multilevel layering materials with lightweight growth substrate plant height of 
10cm with an estimated saturated load of 140-150 kg/m
2
. For the ground cover 
plants we will use low vegetation, such ground cover plants and wild flowers, 
which will occupy at least 90% of the surface. The insulation will be made of 
extruded polystyrene with graphite, thickness of 70mm and conductivity 
coefficient λ = 0,031 W / mK, which will be placed on the existing waterproofing 
layer. Over this layer there will be smoothing layers with mortar, sealing layer 
antiradical protection, geo-textile, drainage layer by layer water storage, 
additional geo-fabric and eventually planting layer. Finally, we will select plants 
that can be grown on a substrate of 10cm and have small requirements of water. 
This turns up to be crucial for climates such as the Mediterranean, because during 
the summer when the climate is dry and hot they would need enormous amounts 
of water to remain green and operational. 
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Image 14: Layers of roof covers 
 
Generally, the insulation of green roof systems has beneficial impact on the 
energy performance of the building and especially for those with small or no 
insulation. It improves the thermal comfort, mainly on the top floor of the 
building and reduces also the heating loads. (13) 
Taking into account the comprehensive package of the interventions proposed we 
can calculate the cost of such a scenario and its payback time. 
The total costs of energy for the building throughout the year, and the awarded 
energy class is again upgraded to A. 
 
Table 40: Primary energy consumption of the building, source: Energyplus software 
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Table 41: Fuel consumption & CO2 emissions of the building, source: Energyplus software 
 
Table 42: Energy demand of the building during the year, source: Energyplus software 
 
Table 43: Final energy consumption of the building during the year, source: Energyplus software 
 
Table 44: Operational cost of the building, source: Energyplus software 
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6.3.4. Financial cost of the proposed interventions 
Costs per intervention in the building will be as follows: 
Interventions Cost (€/m2) Surface (m2) Total cost (€) 
External insulation 28 348,34 9.755 € 
Green Roof 140 295,93 41.390 € 
Led lamps  15 80 1.600 € 
Triple glazing windows & balconydoors- PVC   12.220 € 
Condensing boiler    7.000 € 
PVs   24.500 € 
Wind turbine   1.440 € 
 
Total final cost: 97.905 € 
Table 45: Financial cost of the interventions 
 
Thus, taking into consideration the operational cost from the current situation, the 
operational cost from all the proposed interventions and the financial cost of them 
we can now calculate a simple payback period for this third scenario of the 
interventions and also its NPV (15). Capital cost considered 5%. 
Annual cost benefit: 5.079 – 1.641 = 3.438 € 
Payback period: 97.905 / 3.438 = 28 years 
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Table 46: Net Present value calculations within 20 years of operation 
 
Overall, the investment has a fairly large payback time and an extremely large 
and negative NPV, factors that lead to an unfeasible investigation. However, the 
fact that it does upgrade the building’s energy ranking by almost two categories 
makes it a nearly zero energy building with A by reducing the consumption of 
energy for heating and electricity.  
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7. Landscaping 
 
Apart from interventions relating to the reduction of energy consumption of 
buildings in the school, we want also to provide interventions with bioclimatic 
character in the surroundings of the examined buildings. The proposed 
bioclimatic character interventions aimed at improving the microclimate of the 
region, especially when most buildings are not in use (summer months). 
However, beyond the demonstration character of these interventions are expected 
to degrade thermal gains of the premises during the months close to summer 
(May - September) thus reducing the temperature inside and relieving students. 
 
The inclusion of as many planting areas within the boundaries of the study area, 
is the key objective. Shrubs, trees and planting affect the microclimate inside and 
outside the building, and contribute to thermal comfort and hygiene too. Usually 
they used for their aesthetic contribution to the field, to wellness offering with the 
precious oxygen and for their participation in improving air quality, and 
neglected their role as a key factor in energy planning. The type and 
characteristics of planting around a building affect its exposure to the sun and 
wind, and therefore comfort and energy conditions for heating in winter, cooling 
in summer and often energy from the use of artificial lighting. The plants can 
serve as windbreaks for winter, by controlling the movement of air as shading 
components and cooling by adjusting the exposure of the building to sunlight and 
providing cooling by evaporating the foliage in the summer, and as filters 
daylight extended time. They also work as dust filters, protect from erosion, 
reduce noise, air pollution, and visual impact and create privacy. 
 
Architecture landscape cares about utilizing the functional properties of plants 
with the aim of substantially improving outdoor spaces both aesthetically and 
functionally. According to the modern child-centered teaching approaches, the 
environment is recognized as a factor in the educational process. The school yard 
is an integral part of the school environment and may pose a potential educational 
tool for educators. The school yard with its hidden pedagogical message, have the 
same didactic value as that taught in the halls. It can also affect the values of the 
site and the identity of the space through which the child will be handled as an 
adult environment. The design, the construction, the operations and the proposed 
manner of use and maintenance of the yard can teach sustainability principles. 
Given the specific nature and importance of this area, we must design to take into 
account a variety of criteria such as: Functional, Ecological, Aesthetics, Culture, 
Social and Pedagogical aiming at creating interactive environment rich stimuli 
with functional and sensory action. A key factor to enhance the school yard and 
an important element of design is the way in which students use the yard to 
breaks, but also the relationship of the media with the outside. That is apart from 
the time children in the yard; crucial to the development of the design is how the 
courtyard looks from classrooms. With the aim of organizing a friendly and 
warmly welcomed courtyard, the design should be focused on creating a 
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landmark and extensive green areas. The geometric hacks have their importance, 
but not as much as the prospect of space through the eyes of a child.  
 
So, proposed redesign of the courtyard area, with rounded incisions trails, intense 
transitions in materials and colors of the floors and improving interventions in 
plantings in order to be satisfied, depending on the season, the needs of both the 
exterior and the interior of the building reducing or increasing thermal proceeds 
of the shell and to improve the overall image. The curve line is dominant in 
nature and associated with creating a sense of relaxation in space, in contrast to 
the straight lines and angles, creating tension and urge to sudden movements in 
space. In particular, the yard is able to exploit the entire surface, which will be 
placed benches and gazebo, trees will be planted which will create corridor for 
walks, two gardens with aromatic and herbaceous plants, and a small 
amphitheater. It can also be built a sports field, meeting modern safety and 
comfort requirements. The constructions for shading will be wood, pergolas, 
which will bear climbing plants restrooms summer and winter at sunny areas.  
 
The coating with hard materials where there is more intensive use required. But it 
suggested replacing them with other different color combinations or cast pebbled 
floor, which will improve the aesthetic result and reduce the reflectivity in the 
summer months. It might even be a combination of slabs and paving stones. We 
recommend dismantling of asphalt onsite parking, reducing surface and coated 
again with perforated blocks, providing from a constant surface area needed for 
parking, and green of the lawn that grows. Also the end surface has no thermal 
absorption of asphalt, which will improve the thermal comfort in the summer. 
 
It is proposed to construct small shallow lake with bridges, downtown courtyard 
with running water in order to reduce the noise passing vehicles other offer and 
coolness in summer. It is necessary to upgrade the existing playground by 
replacing other games which environmentally friendly and also with modern 
safety standards. Moreover, improvement of the trench with sand, and adding to 
the existing space suitable toy would be a good idea. They can be placed different 
heights wood logs for motor exercises and balance exercises. 
 
It is proposed to construct a paved pathway to create walking spaces but also for 
changing the movement in the yard so as to exploit better all the space. The 
equipment of the yard would be enhanced by seating, pots, flower boxes - flower 
beds, recycling and compost bins for organic waste, decorative elements - 
pergolas, improvised musical instruments, interpretative signs, information 
boards and exhibitions. 
 
The vegetation as we said above is one of the main elements in the design of 
conservation and improvement of the natural environment. The courtyards and 
the surrounding area in general educational institutions should select appropriate 
species for the design needs. So, depending on the design and operation of a 
space is the appropriate configuration and planting selected plants. In order to 
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limit direct sunlight and reflection in a building, place an appropriate rate plants. 
So in this building nursery evergreen trees will be placed on the north side in 
order to protect the area from cold winds. 
 
Last, we will replace the existing turf with new seeds, which has been destroyed 
something which will significantly increase the aesthetic effect of the room. 
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8. Conclusions 
This study aims to investigate the energy situation of a kindergarten in Panorama 
Thessaloniki. The data collected during the energy audit processed and simulated 
with software of EnergyPlus. The results of the energy study found that the 
building is energy medium-basic performance, C. The aim of the proposed 
interventions was to reduce energy consumption of the building, to be energy 
efficient and environmentally beneficial in and make also clear that with the 
appropriate procedures in accordance with regulations even the oldest non-
efficient buildings could be upgraded enough, even getting close to zero. 
Replacing of light bulbs from incandescent to LED is due to the fact that in the 
building increased energy consumption for lighting is presented. This measure is 
low cost and has also rapid payback period. 
The external insulation sided recommended because despite the fact that the 
building was built after the building insulation regulations it has inadequate 
insulation. The material used in the improvement proposals is mineral wool 
50cm. The cost of such an investment would not be small, but the payback time 
would be extremely small because the energy requirements of buildings for 
heating will be reduced by a large percentage. 
The condition of frames is not necessarily consistent with the age of the 
buildings, however in particular building the frames were considered unsuitable 
due to their high thermal transmittance. So, they replaced with triple glazing 
aluminum frames with thermal break - PVC which have much smaller thermal 
transmittance proving better thermal comfort conditions in the building. 
The building heating system included an old oil boiler and it was considered 
appropriate to be replaced with a new condensing boiler of natural gas with high 
efficiency gains, and a weather compensator who provides heating in the space 
depending on the weather conditions decreasing in that way the energy 
consumption and CO2 emissions. 
In addition, due to the location of the building was proposed photovoltaic 
installation on pitched roofs kindergarten to auto produce energy and meet the 
needs of. This is a system that exploits the solar acting, which is unlimited and 
environmentally friendly after having not produced pollutants because nowadays 
the contribution of photovoltaic systems in the energy balance is important. In 
combination with photovoltaics due to strong winds and big space was proposed 
to add a small wind turbine in order to provide electricity and support 
photovoltaic systems mainly in the winter months. 
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Finally, in combination with all the above a green roof was proposed to be 
constructed on the roof of the kindergarten, something that will help a reduction 
of the consumption for cooling during the summer months. This happens due to 
the fact that it works as kind of insulation to the building, preventing the intense 
summer solar radiation from reaching the envelope and simultaneously it 
provides the building with its evapotransiration function, meaning that the plants 
absorb heat in order to perform their vital functions, resulting to the cooling of the 
spaces below of it. 
According to the simulation scenarios presented above the building was upgraded 
to class B + and A with a corresponding cost and payback period every time. 
Comparing them and studying their results we observed that in the third scenario 
despite that we have large scale upgrade, we have negative Net Present Value and 
fairly high installation cost, which lead to an unattainable scenario although the 
best energy category that gives us. 
In the second scenario we have a medium-scale upgrading with negative Net 
Present Value and high installation cost and as a result these make this scenario 
unfeasible. 
In the first scenario despite that we have a small-scale upgrading of the building 
we have positive Net Present Value (NPV), low installation cost of the proposed 
interventions and a satisfactory Return of the investment (ROI) to be done 
making it the best choice for the kindergarten. 
However, the other two intervention scenarios will be judged economically 
intentionally only in the case of subsidy or in accretion to a financial program 
worth 25% and above. 
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